Abstract. The change in resistance of the foil bonded strain gauge is small, resulting in a small change in the output from the sensor, so lead wire effects and electro-magnetic noise can compromise the measurement. To measure such small changes in resistance, this paper compared 3 Wire Quarter Bridge with 2 wire quarter bridge strain circuit, half bridge strain circuit and full bridge strain circuit, recommended using 3 wire quarter bridge to measure the resistance of foil bonded strain gauges. 3 wire quarter bridges are easier to install, reusable, have superior temperature compensation, and some are for dynamic monitoring.
Introduction
The sensitive gate to foil strain gauge is a lithography carved into a very thin metal foil gate [1] . According to the requirements of the different measurement, can be made into different shapes of sensitive gate, can be in the same strain gauge made from a different number of sensitive gate. Foil strain gauge is mainly used for measurement of the surface strain of the steel structure and concrete structure. When using the sensor pasting to the surface of a concrete structure, can be welded or screw riveting on the surface of steel structure. Mainly used for buildings, Bridges, steel structure concrete structure surface strain monitoring, etc. Foil strain gauge has good heat dissipation condition, allow current, long horizontal effect is small, the fatigue life and production process is simple and suitable for mass production, has replaced the wire strain gauge and has been widely used [2] . Choosing the right strain gauge for a measurement application requires selecting gauges with the right characteristics for the job [3] . A strain gauge bridge circuit and method for sensitivity equalization, particularly suitable for load cell devices for precision measurement [4] .
Strain Definitions
Strain is the amount of deformation of a body due to an applied force. More specifically, strain (  ) is defined as the fractional change in length (refer with Fig.1 
Specifically, the unit strain is the change in length divided by the unstrained length, and thus is dimensionless. Strain can be positive (tensile) or negative (compressive). Although dimensionless, strain is sometimes expressed in units such as in/in, or mm/mm. In practice, the magnitude of measured strain is very small. Therefore, strain is often expressed as macrostrain, which is e × 10 -6 . When a bar is strained with a uniaxial force, as in Fig.1 , a phenomenon known as Poisson Strain causes the girth of the bar, L T , to contract in the transverse, or perpendicular, direction. The magnitude of this transverse contraction is a material property indicated by its Poisson's Ratio. The Poisson's Ratio v of a material is defined as the negative ratio of the strain in the transverse direction (perpendicular to the force) to the strain in the axial direction (parallel to the force), or n = e /e. Poisson's Ratio for steel, T for example, ranges from 0.25 to 0.3. The Poisson's Ratio function is as follows:
Strain Gauges
While there are several methods of measuring strain, the most common is with a strain gauge, a device whose electrical resistance varies in proportion to the amount of strain in the device. The most widely used gauge is the foil bonded metallic strain gauge.
The metallic strain gauge consists of a very fine wire or, more commonly, metallic foil arranged in a grid pattern. The grid pattern maximizes the amount of metallic wire or foil subject to strain in the parallel direction (refer with: Fig.2 ). The cross-sectional area of the grid is minimized to reduce the effect of shear strain and Poisson Strain. The grid is bonded to a thin backing, called the carrier, which is attached directly to the test specimen. Therefore, the strain experienced by the test specimen is transferred directly to the strain gauge, which responds with a linear change in electrical resistance. Strain gauges are available commercially with nominal resistance values from 30 to 3,000 Ω, with 120, 350, and 1,000 Ω being the most common values. It is very important that the strain gauge be properly mounted onto the test specimen so that the strain is accurately transferred from the test specimen, through the adhesive and strain gauge backing, to the foil itself.
A fundamental parameter of the strain gauge is its sensitivity to strain, expressed quantitatively as the gauge factor (GF). Gauge factor is defined as the ratio of fractional change in electrical resistance to the fractional change in length (strain):
The main advantage of the foil gauge is its low cost [5] . In addition they are small and can be bonded in areas that a built up strain sensor could not. They will be able to measure strain over a small area, and through the use of a rosette can be used to determine the principle strains in a member. They can also be applied to a member such that it is better coupled to the member's strain.
The main disadvantage is they can be difficult to bond to the member. This is especially true in the field. Also the change in resistance is small, resulting in a small change in the output from the sensor, so lead wire effects and electro-magnetic noise can compromise the measurement.
Strain Gauge Measurement
In practice, strain measurements rarely involve quantities larger than a few millistrain (e×10 -3 ). Therefore, to measure the strain -3 requires accurate measurement of very small changes in resistance. For example, suppose a test specimen undergoes a strain of 500 me. A strain gauge with a gauge factor of 2 will exhibit a change in electrical resistance of only 2 (500×10 -6 ) = 0.1%. For a 120 -6 Ω gauge, this is a change of only 0.12 Ω.
To measure such small changes in resistance, strain gauges are almost always used in a bridge configuration with a voltage excitation source. A Wheatstone bridge (Full Bridge) is a measuring circuit/instrument invented by Samuel Hunter Christie in 1833 and improved and popularized by Sir Charles Wheatstone in 1843 [6] . The Wheatstone bridge is used to detect and measure small changes in resistance in one or more of the four legs.
The 3 Wire Quarter Bridge is probably the most common bridge circuit used [7] . In addition to the standard, using 3 resistors for completion, there are quarter bridge circuits that utilize a dummy gauge (R D : refer with Fig.3 ) in the arm opposite the active gauge for one of the completion resistors. 
Compared to 2-Wire ¼ Bridge Strain
A 2 Wire ¼ Bridge Strain Circuit is not recommended. The 3-Wire gauge alleviates many of the issues of the 2-Wire gauge. As can be seen, one lead wire, L3, is in the Arm of the Wheatstone bridge that has the completion resistor while Lead L1 is in the arm that has the active gauge. L2 is tied back to the input channel of the data logger that has an input resistance greater than 1 Ohm, thus the current flow is negligible [8] . This circuit nulls temperature induced resistance changes in the leads as well as reduces the sensitivity effect that the wires have on the gauge.
Compared to ½ Bridge Strain
The main benefit of the 3-Wire ¼ Bridge Strain circuit over the 3-Wire ½ Bridge circuit is ease of installation. This is not necessarily true if using a single bonded gauge with 2 strain gauge elements (one in the axial direction and one in the transverse direction). But using these "1/2 Bridge gauges" requires the knowledge of the Poisson ratio of the material that the gauge is being applied to. Any error in the Poisson value used in the calculations will carry through to the result. The advantage of using the ½ Bridge strain, is that the bridge output is almost doubled, and you can get better temperature compensation. Another advantage of the ½ Bridge strain is that the two active strain gauges can be place on the opposite sides of a member to measure only bending strains, removing the axial strain component.
Compared to Full Bridge Strain
The main benefit of the 3-Wire ¼ Bridge Strain circuit over the Full Bridge circuit is ease of installation. This is not necessarily true if using a single bonded gauge with 4 strain gauge elements (two in the axial direction and two in the transverse direction). But using these "Full Bridge gauges" requires the knowledge of the Poisson ratio of the material that the gauge is being applied to. Any error in the Poisson value used in the calculations will carry through to the result. The advantage of using the Full Bridge Strain is that the bridge output is almost quadrupled, and you can get better temperature compensation. Also, similar to ½ Bridge Strain, two legs can be placed on each side of the member to measure only bending strains, removing the axial strain component.
It is important that the gauge be wired as shown in Fig.4 , and that the leads to the L and G terminals be the same length, diameter, and wire type. It is preferable to use a twisted pair for these two wires so that they will undergo the same temperature and electromagnetic field variations. With this configuration, changes in wire resistance due to temperature occur equally in both arms of the bridge with negligible effect on the output from the bridge. The Campbell Scientific's 4WFBS TIM modules include 2 gold plated, shunt pin receptacles to facilitate easy access to the internal dummy resistor [9] . These receptacles, which accept 0.015 to 0.025 inch diameter pins, are depicted in Fig.4 .
It should be noted that a shunt resistor should not be connected across the active gauge's leads back at the completion portion of the Wheatstone bridge, as this would not correctly account for the leads resistances. If performing a shunt back at the instrumentation location, it must be done across the Dummy Resistor as shown in Fig.4 .
Wire Quarter Bridge Strain Calculating
Strain is calculated in terms of the result of the full bridge measurement. This result is the measured bridge output voltage divided by the bridge excitation voltage:
(4) All of the various equations that are used to calculate strain use Vr, the change in the bridge measurement from the zero state. The result of the zero measurement can be stored and used in the calculation of future strain measurements. Alternatively, the zero reading value can be left at 0 (zero measurement is neither recorded nor used). The proof for the equations as follows: 
Conclusion
The main advantage of the foil strain gauge is low cost, small, can be bonded in areas a built up sensor could not, can pick up point strains easier, can be setup in rosettes to get principle strains. 3 wire quarter bridges have the following advantages, easier to install, many are reusable, many have superior temperature compensation, and some are for dynamic monitoring. So measurement of foil bonded strain gauges with 3 wire quarter bridge is recommended.
